To compare length and stature measurements of young children and to examine the relevance of any difference for comparison with body mass index (BMI) references designed for use from birth to adulthood. SUBJECTS: A total of 426 2-y-old and 525 3-y-old children included in the Dortmund Nutritional and Anthropometrical Longitudinally Designed (DONALD) Study. DATA ANALYSIS: Length and stature were measured to the nearest millimetre using a stadiometre. Agreement between both measurements at age 2 and 3 y, respectively, was determined by mean differences and by comparison with the German BMI reference. RESULTS: The average length of 2-y-old girls and boys was 88.3 (3.1) and 89.9 (3.2) cm, mean differences (stature minus length) were À0.47 (0.65) and À0.45 (0.64) cm. The corresponding BMI values were 16.18 (1.3) and 16.46 (1.2) kg/m 2 , with mean differences of þ 0.17 (0.24) and þ 0.16 (0.23). According to stature, 9.4% of the girls and 10.8% of the boys were overweight (490th percentile), while length classified 7.1 and 9.4% as overweight. Similar mean differences between length and stature were observed at age 3 y: À0.53 (0.62) and À0.47 (0.65) cm in height and þ 0.17 (0.20) and þ 0.14 (0.20) kg/m 2 in the BMI of girls and boys, respectively. According to stature, 7.6 and 7.3% were overweight as opposed to 5.4 and 4.8% using length. The observed differences increased with higher BMI levels. CONCLUSION: Changing measurements from length to stature results in an upward shift of BMI, not reflected in current European BMI references. This small but systematic error may result in misinterpretation of individual BMI levels or trend observations.
Introduction
Body mass index (BMI) reference curves are now widely recommended to screen children and adolescents for overweight. [1] [2] [3] [4] [5] [6] [7] [8] These age-specific references are considered a particularly useful tool since the percentiles used as cutoffs for overweight and obesity in childhood and adolescence correspond well with the cutoffs proposed for the adult population. 1, 7, 9, 10 Furthermore, a child's or adolescent's BMI allows predicting the probability of overweight or obesity in adulthood 11 and correlates with biochemical or clinical risk factors for cardiovascular disease. 12 However, views vary on the appropriateness of BMI references in early life. The Center for Disease Control (CDC) gives BMI references only for children aged 2 y and older, and does not advocate its use for growth monitoring of US children before age 2 y, 1 since during infancy and early childhood BMI is only weakly related to adult obesity. 13 Conversely, new Europe-specific growth references for infants and children from birth to 3 y of age (Euro-Growth) include data on BMI as a reference for studies of obesity in early childhood. 2 Similarly, several national European growth charts comprise BMI reference data from birth until adulthood, [4] [5] [6] [7] [8] [9] while recognising that caution is required when interpreting overweight in infancy. 9 Continuous use of BMI references from birth to adulthood requires continuous measurements of both body weight and body height. However, during infancy height measurements are based on recumbent length. Change to measurement of standing height (stature) commonly occurs after age 2 8 or age 2 1 2 y. 7 Accordingly, length-for-age growth references are usually used during the first 2 y and stature-for-age references thereafter. However, for use of BMI growth references, advice on how to assess the body height in 2-3-y-old children is needed, as well as correction factors for differences between length and stature measurements. This information is provided by the US BMI reference for use in 2-18-y-old children and adolescents, and by the Euro-Growth BMI reference for use in 0-3-y-old children, 1,2 but not by the current European BMI references comprising data from birth to adulthood. [4] [5] [6] [7] [8] [9] Thus, information is needed on the agreement between the two height measurements and the magnitude of any potentially introduced error when using a measurement other than that on which the reference is based. This study compares length and stature measurement in a group of 2-y-old children and a group of 3-y-old children included in the Dortmund Nutritional and Anthropometrical Longitudinally Designed (DONALD) Study and examines the relevance of any difference for calculated BMI levels and for comparison with the German BMI reference.
Subjects and methods

Subjects
The DONALD Study is a longitudinal (open cohort) study collecting detailed data on diet, growth, development and metabolism between infancy and adulthood. Details on the patient selection procedure and the study protocol have been described elsewhere. 14 14 However, the distribution of body mass indices (BMIs) observed with the DONALD participants at ages 2-18 y was similar to the German reference data. 4 The study, which is exclusively observational and noninvasive, was approved by the Scientific Committee of the Research Institute of Child Nutrition, and all examinations were performed with parental consent.
Anthropometric measurements
Anthropometric measurements start at an age of 3 months and continue until the age of 21 y (girls) and 23 y (boys).
14 At each visit, the children are examined by a paediatrician to preclude the presence of any disease potentially altering the individual growth trajectory. Anthropometric measurements were performed by trained nurses according to standard procedures, with children and adolescents wearing underwear only and no shoes. 14, 15 Recumbent length was measured to the nearest millimetre using a Harpenden (UK) stadiometre. One nurse brought the top of the child's head into contact with the fixed headboard. The second nurse extended the child's legs and moved the footboard to rest firmly against the child's heels. Measurement of stature was performed with the child standing upright with the bare heels together, and with heels, buttocks, shoulders and head touching the vertical surface of the digital stadiometre. Weight measurements to the nearest 0.1 kg were performed using an electronic scale. Cross-sectional repeatability was within the range of high repeatabilities observed for the Euro-Growth participating centres, with correlation coefficients ranging from 0.81 to 0.96 for recumbent length and from 0.91 to 0.98 for weight. 16 In the DONALD Study, recumbent length was measured during the first 2 y and stature thereafter. Whenever possible, additional measurements of stature at the age of 2 y and length at the age of 3 y were performed by the same nurse. Complete data on both measurements were available for 224 girls and 203 boys aged 2 y and for 277 girls and 248 boys aged 3 y.
Statistical analysis
Data are presented as means (s.d.). Mean differences between stature and length (length minus stature) and the standard deviation of the difference (s.d.) were calculated. A negative value indicates that the children's height was smaller when measured in the upright standing position as compared to the recumbent position and vice versa. Mean differences measure the degree of absolute disagreement between the two measurements, 17, 18 with the SD of the difference giving an estimate of intraindividual variation. 19 Paired Student's ttest was used to test for differences between the two measurements. Disagreement was further illustrated by the proportion of children who fell into the same, adjacent or opposite quartile of stature and length, or of BMI based on stature and length measurements. Height and BMI were also expressed as standard deviation scores (SDS), which relates the individual measurement to the standard values published for German children of the respective age and sex. 4 As recommended for use of the German standard values, SDS were calculated employing the LMS statistical procedure, and overweight was defined as a BMI value above the 90th percentile of the German national reference sample, corresponding to an SDS of 1.282.
To assess whether the differences between the measurements of recumbent length and stature are related to BMI itself, a test for trend in mean statureÀSDS or lengthÀSDS differences and BMIÀSDS differences across levels of Differences between recumbent length and stature AE Buyken et al BMIÀSDS was performed using the analysis of variance. Since analyses indicated no interactions between sex and the relation of the differences to BMI, data from girls and boys were pooled for this analysis.
All statistical analyses were carried out using the SAS programme, Version 8.2. 20 
Results
As shown in Table 1 , stature in 2-and 3-y-old girls and boys was significantly shorter by approximately 0.5 cm than recumbent length (Po0.05). Overall, individual differences ranged from À2.5 to þ 2.2 cm. Calculated mean BMI values for sex-and age-specific groups were 0.14-0.17 kg/m 2 higher using stature than BMI calculations based on recumbent length. This corresponds to relative mean differences ranging from þ 0.9 to þ 1.1%. Proportions of children classified into the adjacent rather than into the same quartiles of stature/length or BMI by the two measurements varied between 13 and 20%. Misclassification by more than one quartile was not seen for any of the groups.
As compared to length, use of stature classified more 2-and 3-y-old girls and boys as being overweight (BMI490th percentile). However, percentages based on length of 2-y-old girls and boys were comparable to percentages obtained with stature measurements of 3-y-old girls and boys (Table 1) . Figure 1a and 1b illustrates the differences between the two measurements for the 10th, 25th, 50th, 75th and the 90th BMI percentiles in relation to the German standard percentiles. Differences were most apparent for the 90th percentile of girls at both ages 2 and 3 y.
The mean differences between stature and length tended to be larger (more negative) in children with a higher BMI (for each increase in BMI by 1 SDS, the stature difference decreased by À0.024 SDS (standard error (s.e.) 0.0091) at age 2 (P ¼ 0.01) and by À0.033 SDS (s.e. 0.0067) at age 3 (Po0.0001)).
Consequently, mean differences in BMI values (BMI based on stature minus BMI based on length) were also greater in children with higher BMI values (for each increase in BMI by 1 SDS, the BMI difference was 0.010 SDS (s.e. 0.0083) larger at age 2 (P ¼ 0.2) and 0.018 SDS (s.e. 0.0061) larger at age 3 (P ¼ 0.003)).
Discussion
In this study, the stature of 2-and 3-y-old children was approximately 0.5 cm shorter than recumbent length in both girls and boys, which corresponds to a BMI difference of approximately 0.16 kg/m 2 . Prevalences of overweight based on stature measurements were 1.4-2.5% higher than prevalences using recumbent length data. Median differences of 0.4-0.6 cm between recumbent length and stature was also observed at ages 18, 24, 30, and 36 months in the Euro-Growth Study. 16 This study combines longitudinal anthropometric data from birth to 3 y of age, collected at 22 study sites in 11 countries, including a small subsample of the DONALD Study. Mean differences in Differences between recumbent length and stature AE Buyken et al the participating centres of the Euro-Growth Study ranged from 0.14 to 0.80 cm, since stretching forces applied during measurement varied. 21 These data suggest that the absolute differences between recumbent length and stature measurements are comparable in children aged 18-36 months. However, they may commonly be greater than the differences observed in the present study, since in the DONALD Study as well as in the other study centres of the EuroGrowth Study anthropometric measurements were performed by skilled trained personnel according to standardised measurement techniques, which is reflected in a high repeatability of the anthropometric measurements. 16 In fact, older studies have generally reported larger mean differences between recumbent length and stature in girls and boys aged 2 and 3 y, ranging from 1 to 1.5 cm, 22 or even from 1.7 to 2.3 cm in participants of the FELS Study. 23 More recent data from the NHANES II and II children indicated that recumbent length is on average 0.8 cm longer than stature. 1 The difference of 0.5 cm seen in our study can therefore only serve as an estimate under standardised measurement conditions and should not be used as a general correction factor. Instead, each of the current European BMI growth references designed for use from birth into adulthood should provide its own correction factor based on the respective data. This study is the first to give information on the relevance of the differences between length and stature measurements for the use of BMI references. The ''decrease'' in height of 0.5 cm as seen in this study when changing measurements translates into a 1% ''increase'' in BMI. Such a bias could be considered negligible, given that length or stature measurement may vary considerably between different observers and even within observers. However, the overall coefficient of variation of BMI has its minimum of below 8% in boys and girls aged 2 and 3 y, 9 and unlike the random measurement error between different observers the difference in height measurement is systematic. Also, a disagreement of 13-20% when classifying children in quartiles of stature/length or BMI cannot be regarded as satisfactory for two measurements intended to assess essentially the same. Furthermore, the mean difference in BMI of 0.10-0.14 SDS seen in this study appears large considering that specific growth charts for breastfed babies are proposed since growth of breastfed babies during the first year of life deviates by 70.3-0.5 SDS from the current references. 24, 25 Thus, the systematic bias seen in this study may lead to systematic misinterpretation of BMI data, especially since in practice differences will often be greater than in the present study, where measurements were performed by well-trained personnel according to standard procedures. In this study, the artificial increase in BMI when measuring stature instead of recumbent length tended to be greater in those with a higher BMI, independently of their length or stature. The FELS study and the Denver study did not find correlations of the difference with weight or stature; however, relations to BMI were not examined. 23 The greater relevance of the systematic error for children with higher BMI levels is further emphasized by the fact that more than the average 1%, that is, an additional 1.4-2.5% of the children, was classified as overweight when using stature rather than recumbent length. However, use of length in 2-y-old and stature in 3-y-old children yielded comparable overweight prevalences, illustrating that misclassification occurs only when stature or length assessment differs from the measurement on which the BMI references base. Considering the fact that the DONALD study includes few overweight children, the public health impact of misclassifying 2-and 3-y-old children will be even greater when screening populations at risk. Furthermore, use of the ''wrong'' height measurement may introduce bias in trend observations. Until recently, weight-for-height references rather than BMI references have been used for assessing growth in 2-and 3-y-old children. However, BMI references offer several advantages for use also in early childhood, since BMI is relatively independent of length at 2 and 3 y of age (correlations ranging from À0.04 to 0.08 in boys and girls), 2 captures changes in weight-height relation with age and can Differences between recumbent length and stature AE Buyken et al be used to monitor growth continuously until adulthood. 26 As the prevalence of overweight and obesity in children increases throughout the world, interest now also focuses on anthropometric pattern in early childhood. Thus, BMI references for 2-and 3-y-old children will increasingly be used in future research, where systematic bias should be kept minimal. Moreover, these growth references will soon be widely implemented in clinical practice. Therefore, the accompanying user instructions should firstly make mention of what measurements (length or stature) were used for the percentile construction at different ages, an information presently missing in some references, 4, 6 and provide correction factors as discussed above. Secondly, an explanation why the expected shift when changing measurement from length to stature is not seen in the BMI references would be of interest for the user. It may well be that the procedures applied to smoothen the curves also removed this naturally occurring disjunction.
In conclusion, anthropometric data from 2-and 3-y-old participants of the DONALD study indicated that changing measurement from recumbent length to stature results in a systematic upward shift of individual BMI levels, which is not reflected in current European BMI references. This may lead to misinterpretation of individual BMI levels or trend observations in 2-and 3-y-old children, particularly when screening for overweight, since the difference was more pronounced in those with higher BMI levels. European BMI references covering an age range from birth to adulthood should give explicit instructions for health care providers on when to measure recumbent length or stature, and give correction factors for measurements deviating from such a recommendation. In a research setting, data from the present study may help to estimate the systematic error resulting from differences in recumbent length and stature measurements in 2-and 3-y-old children.
